ABSTRACT. There is a long tradition of common bean cultivation in Slovenia, which has resulted in the development of numerous landraces in addition to newly established cultivars. The genetic diversity of 100 accessions from the Genebank of the Agricultural Institute of Slovenia (AIS) were evaluated with amplifi ed fragment length polymorphism (AFLP) markers and phaseolin seed protein. Twenty-seven standard accessions of known Mesoamerican and Andean origin, 10 wild Phaseolus vulgaris accessions and two related species, P. coccineus L. and P. lunatus L., were also included. Ten AFLP primer combinations produced 303 polymorphic bands, indicating a relatively high level of genetic diversity. Based on the marker data, unweighted pair group method with arithmethic mean (UPGMA) analysis and principal coordinate analysis (PCoA) all P. vulgaris accessions were separated into three well-defi ned groups. Two groups consisted of accessions of Mesoamerican and Andean origin, while the third was comprised of only four wild P. vulgaris accessions. A set of Slovene accessions formed a well-defi ned sub-group within the Andean cluster, showing their unique genetic structure. These data were supported by phaseolin analysis, which also revealed additional variants of "C" and "T" phaseolin types. The results are in agreement with previous fi ndings concerning diversifi cation of common bean germplasm introduced in Europe.
The genus Phaseolus L. includes numerous wild and cultivated species, originating in the New World. The exact number is still unknown (Debouck, 1999) . Only fi ve species are important as cultivated food crops, P. vulgaris, P. polyanthus Greenm., P. coccineus, P. lunatus, and P. acutifolius A. Gray. Because of its high nutritional value, the common bean (P. vulgaris) is by far the most important Phaseolus bean and is cultivated on all continents except Antarctica, under very diverse cultivation conditions (Singh, 1999) .
Two major gene pools of common bean were fi rst recognized in the wild form, Mesoamerican and Andean (Gepts, 1998) . The evidence was based on morphological traits (Singh, 1989; Singh et al., 1991a) , phaseolin seed protein (Gepts et al., 1986) , isozymes (Koenig and Gepts, 1989) , and molecular markers (Freyre et al., 1996; Tohme et al., 1996; Velasquez and Gepts, 1994) . A third, genetically unique gene pool was later described in the northern Andes (Debouck, 1999; Tohme et al., 1996) . The northern Andes gene pool is located in Ecuador and northern Peru and it is considered to be the nucleus of diversity, from where wild beans dispersed both northward and southward (Broughton et al., 2003) . A fourth gene pool in Colombia might also exist, but it is still poorly understood (Debouck, 1999; Tohme et al., 1996) . After domestication, the common bean spread between Mesoamerica and South America and, after the European discovery of the Americas, to Europe and Africa, where it was cultivated in diverse environments and agricultural conditions (Chacon et al., 2005; Gepts et al., 1986) . Post-domestication divergence gave rise to seven races, three in the Andean and four in the Mesoamerican gene pools (Chacon et al., 2005; Singh et al., 1991b) .
The fi rst documented appearance of common bean in Europe was as an ornamental plant in 1508 in France (Rodino and Drevon, 2004) . Because this incident occurred before the exploration of Peru in 1528, it was presumably of Mesoamerican origin; later, a prevalence of Andean over Mesoamerican genotypes in Europe was generally observed (Gepts and Bliss, 1988; Rodino et al., 2003) . The dissemination routes of common bean cultivars from their areas of domestication to Europe were studied by the analysis of phaseolin protein (Gepts and Bliss, 1988; Islam et al., 2002; Limongelli et al., 1996; Ocampo et al., 2005) , but the exact origin of beans in Europe is still unclear and currently under discussion (Rodino and Drevon, 2004) . There is no written evidence of the fi rst introduction of common bean on Slovene territory; however, the naming of some accessions indicate that it could have come from France, Spain, and Italy through trade and the exchange of material. In the fi rst historical review of Slovene territory by Valvasor (1689) , the cultivation on a larger scale of two bean species, common bean and runner bean (P. coccineus), is already described. Common bean has therefore been an important crop for human consumption in Slovenia for centuries and is still cultivated in almost every home garden. Although new cultivars are displacing landraces, it is possible to fi nd farmers and gardeners who grow bean landraces for their own consumption and for sale. There have been several collecting missions in Slovenia; 995 Phaseolus accessions (713 P. vulgaris var. vulgaris L., 203 P. vulgaris var. nanus G. Martens, 27 P. vulgaris accessions of intermediate growth habit, and 52 P. coccineus) were collected in the last decade and are stored at the Genebank of AIS, Ljubljana, Slovenia. The preliminary study of genetic diversity performed on a set of accessions using RAPD markers revealed that some accessions grouped within the Andean and Mesoamerican clusters, while the majority formed a separate cluster (Meglič et al., 1999) .
The aim of this work was to evaluate, using AFLP and phaseolin seed protein analysis, the genetic variability and the relationship among 100 accessions of Slovene common bean landraces and cultivars, stored at the AIS Genebank, as well as to relate their origin to the Mesoamerican and Andean gene pools. The results will contribute new knowledge to improve germplasm bank management and conservation programs, and will improve the effi ciency of the breeding process.
Materials and Methods

PLANT MATERIAL.
A total of 139 Phaseolus accessions were evaluated for genetic diversity. These accessions included nine Slovene common bean cultivars, 91 landraces collected in various parts of Slovenia and stored at AIS (Table 1) , 39 standard check accessions of which 27 were cultivars of known Andean and Mesoamerican origin, 10 wild accessions of P. vulgaris, and two accessions of P. vulgaris related species, P. coccineus and P. lunatus (Table 2) . Standard accessions were obtained from the Institute of Plant Genetics and Crop Plant Research (IPK), Gatersleben, Germany; Nationale Plantentuin van België, Meise, Belgium; Instituto Nacional de Investigación (INIA), Madrid, Spain; Centro Internacional de Agricultura Tropical (CIAT), Cali, Colombia (Table 2) ; and USDA, ARS-GRIN, Pullman, Wash. Twenty plants of each Slovene cultivar and landrace were grown in a fi eld in 2003 at Jable, Trzin, Slovenia. At the end of the growing period, plants were harvested and dry seeds assessed for shape and weight (Table 1 ). These data are based on 1-year evaluation.
DNA EXTRACTION. Fresh leaf samples were taken from 10 fi eld-grown plants of each Slovene accession, bulked, and DNA extracted using a modifi ed CTAB method according to Kump and Javornik (1996) . Standard accessions were grown in the greenhouse and DNA extraction was carried out as above, using fi ve plants of each accession.
AFLP ASSAY. The AFLP technique was carried out as described by Vos et al. (1995) with some modifi cations (Bandelj et al., 2004) . Total genomic DNA (500 ng) was restricted using two restriction enzymes, EcoRI and MseI, and ligated to EcoRI and MseI adaptors. Pre-amplifi cations were performed in 50-μL volumes of 1× PCR buffer, 1.5 mM MgCl 2 , 0.2 mM dNTPs, 75 ng EcoRI and MseI primers, 1.5 U Taq polymerase and 5 μL of ligated DNA, using 20 cycles of 94 °C for 30 s, 56 °C for 60 s, and 72 °C for 60 s. Two-microliter aliquots of the diluted (1:10) pre-amplifi cation product were used as templates for selective amplifi cation with 10 primer combinations (E-AGC/M-CAA, E-AGC/M-CTC,
Only EcoRI primers were labeled with Cy5 at the 5´ end for selective amplifi cation, allowing fl uorescence detection. The selective amplifi cation was carried out in a 10-μL volume using the following temperature profi le: 13 cycles of 94 °C for 30 s, 65 °C for 30 s with a decrease of annealing temperature of 0.7 °C per cycle, and 72 °C for 60 s, followed by 23 cycles at the annealing temperature of 56 °C.
The PCR products were denatured by adding an equal volume of formamide loading dye (98% formamide, dextran blue 5 mg·mL -1 ) and by heating at 94 °C for 4 min. The samples were separated on a 7.5% polyacrylamide denaturing gel in an automated ALFexpressII sequencer (Amersham Biosciences AB, Uppsala, Sweden). A fl uorescence labeled size marker (Cy5 Sizer 50-500; Amersham Biosciences) was used as the molecular weight reference.
AFLP DATA ANALYSIS. AFLP profi les were scored for the presence (1) and absence (0) of each fragment. Only clear and reproducible fragments ranging in length from 50 to 500 bp were considered for data analysis. The binary data matrix was used to calculate Jaccard's similarity coeffi cients (Jaccard, 1908) 
where GSij is the similarity between two individuals i and j, a is the number of bands present in both i and j, b is the number of bands present in i and absent in j and c is the number of bands present in j and absent in i. Associations among the 139 accessions were displayed by cluster analysis using the UPGMA algorithm in the FreeTree computer package (Pavlicek et al., 1999) . A cophenetic matrix was derived from the similarity matrix to test the goodness of fi t of the cluster analysis, by comparing the two matrices using the Mantel matrix correspondence test in the NTSYS-pc package (Rohlf, 1998) . In order to estimate the degree of independence between AFLP profi les generated from individual primer-pairs, similarity matrices were computed and subjected to Mantel tests (Mantel, 1967) . FreeTree was used also to calculate bootstrap values for 1000 replicates to evaluate branch support for the obtained tree (Felsenstein, 1985) . Based on the genetic distance matrix, genetic relationships among accessions were additionally analyzed by PCoA using NTSYS-pc (Rohlf, 1998) .
PHASEOLIN ANALYSIS. Five seeds of each of the 123 accessions analyzed for phaseolin type were ground into fi ne powder. Initially, the fl our sample was suspended for 0.5 h in a 0.5 M NaCl solution at room temperature. The suspension was then centrifuged and the supernatant mixed with an equal volume of cracking buffer [0.5 M Tris-HCl; pH 6.8; 2 mM EDTA; 4% (w/v) SDS; 20% (w/v) glycerol; 3% (v/v) 2-mercaptoethanol; and 0.02% (w/v) bromophenol blue marker dye]. The extract was heat-treated at 100 °C for 5 min. After centrifugation, the supernatant was separated by one-dimensional SDS/PAGE according to Ma and Bliss (1978) , using 1-mm-thick slab gels with 10% (w/v) acrylamide in the running gel, and 4% (w/v) acrylamide in the stacking gel. The electrophoresis was carried out at 40 mA for 1 h and 80 mA for another 2.5 h. At the end of the electrophoresis, the gels were stained with Coomassie Brilliant Blue. 'Cornell 49242', G24404, 'Tendergreen', 'Contender', and 'Sanilac' were chosen as standards for "B," "H," "T," "C," and "S" phaseolin types, respectively.
Results
AFLP ANALYSIS.
All primer pair combinations produced welldefi ned and scorable amplifi cation products and showed polymorphisms among the 139 analyzed Phaseolus accessions (Table 3) . The 10 AFLP primer combinations used in this study generated a z C = Slovene cultivar; L = Landrace. "T S " and "C S " are the variants of "T" and "C" phaseolin type, respectively. Table 2 . Phaseolus accessions chosen as standards representing common bean gene pools. Phaseolin types taken from Tohme et al. (1996) are indicated with an asterisk. "T S " and "C S " are the variants of "T" and "C" phaseolin types, respectively. total of 424 scorable amplifi cation products. The number of bands varied from 24 (E-ACT/M-CAC) to 56 (E-ACT/M-CAA), with an average of 42.4 per primer pair. The percentage of polymorphism ranged from 58% to 83%, with an average of 71%. The combined patterns obtained by the 10 primer-pairs were adequate to discriminate all genotypes except two, PHA971 and PHA973. The largest Jaccard's similarity coeffi cient (1.000) was calculated for these two accessions, while the lowest (0.462) belonged to the pair P. lunatus and 'Coscorron blanco'. The largest similarity coeffi cient involving P. lunatus was 0.506, while the similarity coeffi cients of the representative of P. coccineus did not exceed 0.666. The lowest similarity coeffi cient (0.699) among 137 P.
vulgaris accessions was identifi ed between G23723 and PHA717 and the smallest (0.728) among 100 Slovene accessions between PHA132 and PHA7. Similarity coeffi cients of 0.889 and more were observed among nine Slovene cultivars. A comparison of the similarity matrices based on data from individual primer-pairs revealed a relatively high correspondence (0.45 < r < 0.78) between each pair, indicating that different primer-pairs generated similar banding profi les. UPGMA cluster analysis divided the studied accessions into three groups (Fig. 1) . The cophenetic correlation between the dendrogram and the similarity matrix revealed high degree of fi t (r = 0.96). High bootstrap values, indicated on the dendrogram, The majority of the standard cultivars clustered according to the gene pool of origin determined in previous studies (Balardin and Kelly, 1998; Johns et al., 1997; Singh et al., 1991b; Velasquez and Gepts, 1994) . Ten out of 12 standard Andean cultivars clustered together into Group 1, while 13 out of 15 Mesoamerican cultivars belonged to Group 2. These two groups clearly represent two common bean gene pools of origin, Andean and Mesoamerican. Two cultivars, 'Aurora' and 'Azufrados', from the Mesoamerican gene pool and two Andean cultivars, 'Caballeros' and 'Coscorron blanco', did not group as described by Johns et al. (1997) , Singh et al. (1991b) , and Velasquez and Gepts (1994) . In order to obtain additional information on the grouping of the 139 analyzed accessions, PCoA was carried out.
The PCoA plot (Fig. 2) clearly refl ected the relationships among the studied accessions that had also been obtained from the dendrogram. The groups indicated in the PCoA plot are analogous to the clusters in the UPGMA dendrogram. The fi rst three principal coordinates accounted for 46% of the total variation. The fi rst axis in Fig. 2 clearly classifi ed Mesoamerican accessions apart from the Andean as well as the Andean among themselves. The second axis clearly separated two large Andean sub-groups, Sub-group A and Sub-group B.
PHASEOLIN ANALYSIS. Electrophoretic analysis of the phaseolin showed that Slovene common bean landraces and cultivars possess the three phaseolin patterns typical of the Mediterranean basin: "C," "T," and "S" (Gepts and Bliss, 1988) . The "C" pattern was observed in 47 landraces and seven cultivars, while the "T" pattern was common to 27 landraces and two cultivars. Other than the 14 landraces, no cultivar with an "S" pattern was identifi ed.
Among the 83 "C" and "T" accessions, 63 showed electrophoretic profi les that were different in one band from the standard accessions for "C" phaseolin type ('Contender') and "T" type ('Tendergreen'). This new band, indicated by an arrow in Fig. 3 , was found in both "T" and "C" phaseolin types. We designated these types of phaseolin as "T S " and "C S ," respectively. These two variants were also found in the standards and are therefore not unique to the Slovene common bean germplasm.
As shown in the cluster analysis of the AFLP data, there is a tendency for accessions to distribute according to their phaseolin type. The majority of the accessions included in Group 2 have "S" and "B" phaseolin patterns and a low mean seed weight (Tables  1 and 2 , Fig. 1 ), characteristics of Mesoamerican genotypes. The same fi ndings have already been reported by many authors (Gepts and Bliss, 1988; Johns et al., 1997; Rodino et al., 1991; Singh et al., 1991b) . The accessions from Group 1 have "C" and "T" phaseolin patterns with their variants "C S ," "T S ," and a high seed weight, typical of Andean genotypes. Phaseolin analysis supports the differentiation of Group 1 into sub-groups. Namely, 48 accessions from Sub-group A exhibited "C," whereas "T" phaseolin type was detected in only nine accessions. On the other hand, "T" phaseolin prevailed in Sub-group B, where "T" type was identifi ed in 25 accessions and "C" type in only fi ve accessions.
Discussion
In the present study, AFLP markers were used to evaluate the structure of genetic diversity among common bean accessions cultivated in Slovenia. Ten primer pairs produced 303 polymorphic bands among the 139 accessions, which indicates a relatively high level of genetic diversity within cultivated common bean germplasm, even within a restricted geographic region such as Slovenia. The high number of polymorphic bands per primer pair confi rms that AFLP is capable of detecting substantial numbers of polymorphisms with a relatively small number of primer pairs (Maciel et al., 2003; Tohme et al., 1996) , compared with other marker systems applied to Phaseolus germplasm analysis, such as RAPD (Haley et al., 1994) and RFLP (Sonnante et al., 1994; Velasquez and Gepts, 1994) .
The results of UPGMA clustering and PCoA analysis showed that P. vulgaris genotypes of both Andean and Mesoamerican origin are grown in Slovenia and that these two gene pools are distinct from each other. In the dendrogram, 15 Slovene landraces clustered with 13 standard accessions representing the Mesoamerican gene pool (Group 2), while the majority of landraces (76) grouped with 10 standard accessions of Andean origin (Group 1). The robustness of clusters was also indicated by high bootstrap indices. The prevalence of Andean genotypes might be due to better adaptation to the cooler and shorter summer in this region, as well as a preference for growing large seed types. The same assumptions were proposed by Rodino et al. (2003) . As observed in the dendrogram, all nine studied Slovene cultivars clustered with standard accessions of Andean origin. The relatively close relationships among cultivars suggest that only a small portion of the existing variability of P. vulgaris has been used in breeding programs.
Molecular data have shown that wild and cultivated common bean accessions of the same geographic origin have a similar genetic base, as also observed by Ocampo et al. (2005) and Velasquez and Gepts (1994) . This was refl ected in the cluster analysis, where three wild and one weedy bean genotypes from Sub-group C clustered near the cultivated genotypes of Andean origin from Sub-group A and Sub-group B. The latter contained the most Andean standard accessions, while Sub-group A comprised more than half of all the landraces studied and only one Andean standard accession. This is an evidence of separate Slovene bean accessions with unique genetic diversity and confi rmation of our preliminary results (Meglič et al., 1999) . As suggested by Negri and Tosti (2002) , Santalla et al. (2002) , and Zeven (1997) new introductions and gene exchange between Andean and Mesoamerican germplasm could have played a major role in the evolution of additional diversifi cation centers for this species. Due to the long tradition of common bean cultivation in Slovenia, it could be hypothesized that a set of original genotypes of Andean origin has undergone an adaptive evolutionary process, resulting in today's new variations in this region. While historical information provides little evidence about the origin and introduction of common bean in Europe, the narrow variation of the phaseolin protein pattern has allowed studying the dissemination pathways of each type from the domestication areas to the rest of the world (Gepts et al., 1986) . It has been shown that landraces and cultivars of various geographic origin display different frequencies of the phaseolin types. Four patterns, designated as "T," "C," "S" and "B," have been identifi ed among the cultivars of common bean in the Mediterranean area (Gepts and Bliss, 1988; Lioi, 1989) . In this study, we identifi ed two variants of "T" and "C" phaseolin patterns, denominated "T S " and "C S ." This is the fi rst report of such phaseolin variants but for their characterization we need to screen a larger number of different phaseolin types. Gepts and Bliss (1988) found that 40% of Iberian cultivars had "C" pattern, indicating that most of the Iberian cultivars may have been introduced from Chile, where a high frequency of the "C" phaseolin pattern has also been observed. However, recent studies have revealed a high proportion of the "T" phaseolin pattern among Iberian cultivars (Escribano et al., 1998; Rodino et al., 2003) . According to Santalla et al., (2002) , the Iberian Peninsula landraces may have been disseminated to other parts of Europe, such as Greece, Cyprus, and Italy, where similar frequencies of "T" and "C" types have been observed (Limongelli et al., 1996; Lioi, 1989) . In our study we found a very high proportion of "C" phaseolin type and its variant "C S ," which place Slovene accessions among accessions typical of the Mediterranean area.
Slovene landraces clustered together in the dendrogram according to their phaseolin type; "C" and "T" types were characteristic of landraces from two sub-groups of Andean Group 1, while "S" type predominated in Mesoamerican Group 2. Similar fi ndings were also reported by Maciel et al. (2003 Maciel et al. ( , 2001 , who studied the genetic diversity of Brazilian common bean germplasm using biochemical and molecular markers. As suggested by Singh et al. (1991b) , the predominance of "C"-type cultivars in the Mediterranean area could be the result of deliberate selection for photoperiod adaptation and a specifi c consumption category; cultivars grown for their green pods from Europe are mainly coupled to "T" and "C" types. The phaseolin analysis provided new information about the identity of four standard cultivars, which did not cluster in the dendrogram as described in previous studies; 'Aurora' and 'Azufrados', considered to be Mesoamerican standard accessions, clustered with Andean genotypes and had Andean "T" phaseolin, while 'Caballeros' and 'Coscorron Blanco', considered to be Andean standard accessions, grouped with Mesoamerican genotypes and showed Mesoamerican "S" phaseolin type. Fig. 3 . One-dimensional SDS/PAGE of seed proteins of some analysed Phaseolus accessions. The phaseolin pattern extends between the two horizontal lines. Type "H" (lane 2: G24404); type "C" (lanes 3 and 11: 'Contender', lanes 15-17: PHA315, PHA642, 'Klemen'); type "C S " (lanes 12-14: PHA627, PHA639, PHA390); type "T" (lanes 4 and 10: 'Tendergreen', lane 5: PHA418); type "T S " (lanes 6-9: PHA377, PHA396, PHA363, PHA93); molecular weight marker (lanes 1 and 18: SMO661, Fermentas). An arrow indicates the band that distinguishes type "T S " from type "T" and type "C S " from type "C." In conclusion, the results presented in this study have provided the most detailed picture of genetic variation of Slovene common bean germplasm to date. The knowledge of the genetic structure of Slovene common bean genetic resources provided by this study will have a signifi cant impact on further decisions regarding germplasm bank management, conservation programs and breeding activities at AIS.
